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DIGITAL INTERFACE FOR NDT INSTRUMENTS

R. D. Strong
Los Alamos Scientific Laboratory

University of California
P. O. Box 16E3, Los Alamos, New Mexico 87545

In order to obtain access to a computer from ordinary NDT instruments, a
speci~l interface was made which acts as the buffer between the,computer, and
tlIer,al world. This presentation descr;bes the special purpose in~erface,
which was designed and built by Gr..upM-1 of the Los Alamos Scientific Labora~c-
ry. This interface was primarily built for use with various ultrasonic equip-
ment, but is actually a general purpose system that can p~rform data ‘?quisiticn
and control ,~r other tests.

TileenLire interface consists of several subsystems which can be considered
illterf~ces in tilcwselves, but they are all contained or controlled from a common
chassis block. These subsystems are described in Table 1. The interface is
ti~d to a DFC PPP-9 m~nicomputer which is a 18-bit machine. The logic levels
dl”[: also -3V and gr~ulld. Level shifting to conventional TTL lev~ls was acconi-
Pli~t]i~dusiflg st.;ll]d(lrdDEC series logic. [i]ch s!jllsystcmin the interf,]ce has

Table 1

lnterfa~e S(J~~+y:tg!nLisJ’r]g

Di?pllIy !Jnit (Tel.$.ro/lies601 Dir.pl(lyScope)
I’luLtc! unit (l;[:!;.lct~f-(.lci,dt’d70J4 x-Y ~?pcol-!‘-)
Pt-ogl”fl;able Clo(l.
Anal’g o Digital Cunvirter (ADC)
24 C:,IIIIIC1An!oq !.lultiplcxer-(IIIY.’
4-Axis Stepp: j fiotor D;ive
16 User InLc up’ts
“.nalogSigns’ Cc:ll.~iioni!)fgCircuitry
~lJtPUt Pulse;l.(?vel!tr.xlule
Bioll,htion8100 Port
8 trigger pulce outputs

a sut uf ~1>::1’:,~ndswhich are moved to the device from the accumulator via IOTr.
in (.CI~~in ca~es, data are added to the luwer bits of the culiuiandfor tran.sfe~
T.oti~edevice. The ]OTs and commands are shown in Table 2 filongwith their
i .“!Cti(JRs.TtlcG;cl.,]tionof each unit is d scribed 1’1ow. ~f~chunit is o:er-
,.1:j by d 1!1Vi(.p I,illldlertype subroutine whicl- is FcII~,:RANcnll,~blc.



Display Control

The displ<y can be operated in either a store or nonstore mode. The non-
store mode eitner requires a continuous software refresh or a camera to record
single or multiple display cycles. The store/nonstore mode is latched by the
setting of a command and is usually set in the store mode as part of the initial
subroutine call. The erase command does not change the mode, and any new dis-
play information is stopped until the erase cycle is completed. Each point
plotted takes a total of three software commands. These are load X DAC, load
Y DAC, and intensify point. The 10-bit X- and Y-data va”luesare added to the
appropriate commands. After a short delay of about 10 pseconds, the display
interrupt flag is raised. This amounts to a maximum value of 17778. This flag
verifies the completion of the point display cycle. The display and the point
plotter generate the same information with the display typically being used to
verify preliminary information prior to the more time consuming plotting routine.

Point Plotter

The point plotter control is essentially the seineas the display control
except that the mode colwnands are not necessary.

Clock

The clock, MUX, and the ADC are all interrelated in that a single IOT sets
up the control fc- all three. Th~ co}ltinandword is again passed into the device
from tble accumulator. T“leclock has its vwrl interrupt, start col:~mand,and
interval register. The basic clock opera’~s atl14Hz ~nd is also run through
se;en decade C( ~n!.ersto give a total nf eight program sele~table frequencies.
Th~ selected frequency is fed into a 12-bit binary counter where count is com-
p~red with the programed count. When the two counts are equal, a done pulse
is issued. This nulse resets the counter to zero. The cohil:and~~ord is the sum
of the co:.dnd ‘ 20398, the frequency FOO002, find the count ~CCC8. This looks
like 2FCCCC ur o;~,er coi[~lids detcrl:linethe routing of the Tune pulse.
;nese four ?;i’i:-,.;n~! a::uall

K
set the state of two R-S flip-flo s.

K
400000 ~nd

LgoJoo set the rou~ in! so t at cl:.k pulse will either start t e ADC cycle or
set the clc:k interrupt. 600000 cd 700000 set the routing so that the clock is
ei~ner disabled at tne end of th~ cycle or autorrlatical~yrestarted.

ADC

The ADC is basically a DEC-modJle which accommodates inputs of O to +1OV
iindh~,sa 10-bit output. It is cou:led with a amp!c-ancl-hold circuit. The
~J;:jlC-and-ho:d circuit is held in ~ne follow de by the ADC controller. U;on
a s~c!le cu:r:..’d,the mode is chanqed to hold ,~nd 0.5 ps~conds later a convert
pulse is issue:. Wnen the ccnvers~on is complete, a done pulse is issued (:hich
returns tne sample-and-hold circuit to the follow mode and raises the A7C in~er-
rupt fla~, As mentioned above, the sample com:and c~n come either from, the
:Iock or fr~ a program g~nerated IOT depending on how the clock control is >et.



Table 2

Interface Conunand Structure

MNEMONIC IOTS OCTAL

3SSF 701401
DSCL 701402
DSLD 701404

PLSF 701501
PLCL 701502
PLI.D 701504

CLR 701601
5CflD 701604
CCMD 701605

ADSF 703401
ADCL 703402
ADRD 703452
ADLD 703404

K1.SF 703501
K~CL 703502
PLSE 7C3!)04

BMSF 703601
E!lRL 703612
BMCL 703604

i.lss F 703701
USRD 703712
USCL 703704

DESCRIPTION ,

SKIP ON DISPLAY FLAG
CLEAR DISPLAY FLAG
AC+ DISPLAY CONTROL AND DACS

SKIP ON PLOTTER FLAG
CLEAR PLOTTER FLAG
AC+PLOTTER CONTROL AND DACS

CLEAR LEVEL REGISTER
AC+PIJLZI!’ L.ND TOGGLE REGISTER
CLEAR REGISTER, AC~PULSES/REGISTER

SKIP ON ADC FLAG
CLEAR ADC FLAG
CLEAR ACCUMULATOR, READ ADC BUFFER
AC~MUX/ADC CONTROL

SKIP ON CLOCK FLAG
CLEAR CLOCK FLAG
OUTPUT PULS[S

SKIP ON BIOMATION FLAG
CLEAR ACCUMULATOR, READ BUFFER
CLEAR 13UFFEF\AND FLAG

SKIP IN U5F.R INTER’.PT FLAG
CLEAR MCCLilIIULAT~F,PEA!)EJFFER
CLEAR BIJ7FLRA!iiJFLAG

PLOTTER COl;!tANDS(701504)
200000 LOAD X DAL
400000 LOAD Y DAC
600000 PLOT

400000 CLOCK DONE ADC, SAMPLE DISABLED
500000 CLOCK DO;IE Pi, SAMPLE ADC
600000 CLOCK DO?iERESETS AND RESTARTS C1OCK
700000 CLOCK DO:iERESETS CL@~Ks N@ RESTART



MUX

The MUX Is simply a series of 24 analog gates which can be selected one at
a time. Once selected that channel stays active until the selection is changed.
The chann~l is selected b~’one of the commands in the ADC/MUX/CLOCK set. The
structure is 1000NN8. Th: command can select up to 64 channels but only 24 are
currently implemented.

User Interrupts— ..

This device allows the inspection system to output up to 15 interrupts
organized on a priority basis which looks like one program interrupt. The
highest interrupt code is then read frcxma buffer and interpreted by software.

Analoa Sl>nal Conditioning———— — ——– .-.—-———.-

This section contains4 OD-amP buffers which perform amplification and level
shifting of incoming signals. The outputs are noimally connected to four chart-.
nels of the MUX. The purpose of these buffers is to allow adjustment of in-
coming signals to fit the characteristics of the ADC. The circuits can provide
up to 10X amplification with a level shift of about t8 volts. Two 50-ohm buf-
fers with unity gain are also included for connecting high impedfince outputs to
the Biomation 8100 transient recorder, which has a 50-olim input impedance.

Out~ut Pulser and Levels_.—L.... .____ _.. —-.

This module outputs one 18-bit wc;-d both as l-1.secol)dpulses and as levels.
This Ic)dule is used to output ccovnds to the Rimation transient recorder and
to the stepping motcr driver. The l?vel out;~uts are or-cd with the existing
outputs so that nomally the level buffer is cleared before lGading,

Eight independent trigger ~JQlr.elines are avail?ble for control as ncec!ed.
The pulse adaress is lc~dcd intc the accumulator a~ !i8and the PLSE IOT is
iss,led.

Eicylution lnterf?~e Buf_f.r

This device merely serves LO recognize when data is avail~ble from the re-
corder and to read the data into the accumulator on command.

f-fwis StQpinJ Motor.. — -—.-—

This is actually an external chassis which is capable of driving one of
four stepping motors upon corand. This com-jand normall

{
comes .from the inter-

face in the fo~ of pulses) ~ ‘t front P~~nelcontrol is a so available for set-
ULIand ~lJnUdl O~f?ratlC)nS. Tr,e c~ii~l)d is structured as 7XA~i~/!i: 78 is the

!Controller address, A8 is the Axis and direction, and t{llN81s he number of
step: desired to a maximur of 255. The least significant Llt of A8 denotes the
direction and the other two bits indicate the motor nui:lber. The driver signals



the user interrupt device when
limit switch was reached. The
scanner.

the desired action is complete and also if a
driver is currently connected to a small X, Y, Z

APPLICATIONS

The interface has been primarily used ir the ultrasonic inspection of equa-
torial welds in spherical vessels. For this application, aFORTltAN program with
L Macro subroutine waz written to control tfie inspection. The subroutine con-
tains all of the routines required to operate the display, ADC, clock, MUX, and
interrupt interpreter. The mzin program controls the inspection process via
teletype commands.

The operator enters the tes: description and a series of instrument para-
meters as the first step and then will normally input known amplitude input sig-
nals for test cali~ration and plotter grid lines. Up to 11 different signal
levels are converted and stored in ar,array. Normally these represent signals
from O to 100% full scale amplitude at 10% increments.

When the inspection is formally started by the co:,mand SCAN, the test des-
criptiorl, parameters, and alnplitudes are stored as an unfor~atted logical record
on DECtape, A dummy record OF 1024 words is also written following the header
block.

The s nning fixture has a zero degree indicator which is tied to the user
int,clrupt r:gister. !ihen this interrupt occurs, d~~a collection is initiated.
This contin~.~s under a clock ~ontrol until a totai of 1024 samples have been
taken. The clock timing is s~t so that 1000 sampled points represent one revo-
lution of the object. The software also recognizes when the second interrupt
occurs at about sample 1000 in the scan and negates the datum, At the comple-
tion of the scan, the operator is asked if the sc~n was ac=cptable. If it was,
the prgr~r c~z,;~res the datz to an arra} containing prcvlo~sly determined raxi-
1 J:nva-jes of Ffich location in tb,earray ~nd replaces the stored value with the
-x value if the latter is greater. The value of t.hs last word in the array is
nlaced with the current scan count and the array is mitten into DECtape. The
,nsducer is moved to the next position and ap~trnr scan is taken. If the pre-
iJ5 :.ran::ZS ‘ot arr~pt~d by the operator, ~ne s.:an is ignored and no conpa-

,- ,on or s~ur, j: or:urs. TtICopet-dtor can clcTse ‘Juttne inspection by indi-
c t:ing JO;iSwi(<n qti;ried about a~> scan. Upon trls cormand, the CO parison anc
~~an nu,i,ber ~re Writl:n o~,to c:: -~pe with the scan n~mber being negated before
,iritin: to indi -ate tIe end of ve sequence. The next block of the DECtape
also has a recLrd wri~:~n onto t that indicates the last valid record on the
. oe. The tape u it : then backspaced until the dumy D~ock following the
r ~der inforiatiorl is eacned. The contents of the m~ximurr value array are
w itten into this r~c.rd and then the DECtape repositiorls itself to write over
+. e lest valid record. The Frogram then asks if further inspections are desired.
L, printout of a typical lnspertion sequence is shown in Figure 1.

The second step in the inspecti n cycle is to retreive the datii from the
3E[ tdue, This requires a second pr(,ra~ due to mcmor, limitations on the com-
puter. The operiitor enters the ID line for the inspection desired. When this



ID is found, the contents of the header block are printed out. Three formats
are used for plotting the data. The first and easiest at this pcint is a maxi-
mum amplitude plot. This format plots the value of the maximum amplitudes over
a plot of the grid lines. This plot is useful in that it gives the value of the
maximum amplitude, but does not reqLire extremely accurate orientation of the
item to achieve this end. The second format is an isometric plot of the data
by scan in order. Amplitude compression and projection angle can be varied.
This gives a picture of how the amplitud~s varied from scan to scan. The third
is a polar plot similar to the one genera :ed using a X-Y recorder and sin-cos
potentiometer, The threshold for tne amplitude of points plotted may be set at
any of tne grid line levels,

These three plots are shown in Figures 2 and 3 for EDM fiotche~ 5, 10, 20,
and 30--of the wall thickness in a welded spherical vessel. The notches eval-
uated in Figure 2 are located in parent material and the notches represented
by Figure 3 was placed in the weld root zone.

A second ?apl ication was the use of the system to evaluate plated spherical
essembliez. The assembly consisted of a nickel layer plated on an inrwr shell.
l-lltrd~onicthick.ncss rza~urcm~nts are used to guiti~ the nachining of the outer
conto:jr-so that nickel plating will be cunccntric about the center. The same
~carining fixture is used. The analog thickness signal from the Eraman Model
1176 HIRES ultrar~nic instrument is fed into the P.DCafter conditioning. The
data is plotted (Jut over a grid of a relative thickness. Other applications
i elude t,fi~:,~u:ercharacterization of beam pat:ern using the X-Y-Z scanner and
f.dy cui-r,~ntprobe ~carlrlingin a X-Y rdster, /.;this point, the most difficult
~,rt is c~ii]pl~t~ ~r,d addpting the setup to reet new applications is relatively
~imple.
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c) I-ometric Plot
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d) Test Identification

Figure 2. Inspection Results with !Jotch in Parent l~~~erial
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C) Isometric plot
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b) Polar Plot

.,

,. ->,-

-1

d) Test Identification

Figure 3. Inspection Results with r~otches in Weld


